In the liraglutide clinical trial programme, liraglutide 1.2 and 1.8 mg were found to effectively lower glycated haemoglobin (HbA1c) in patients with type 2 diabetes (T2D). It is unknown whether baseline body mass index (BMI) is a predictor of change in HbA1c observed during a clinical trial with liraglutide or placebo treatment. The present meta-analysis of patient-level data, using pooled data from seven phase III trials [LEAD-1-6 and the liraglutide versus sitagliptin trial (LIRA-DPP-4)] for liraglutide 1.2, 1.8 mg and placebo (n = 3222), identified no significant correlation between baseline BMI (<20 kg/m 2 up to 45 kg/m 2 ) and HbA1c reduction for placebo or liraglutide 1.2 mg, and a modest, clinically non-relevant, association for liraglutide 1.8 mg [−0.010 (95% confidence interval −0.020, −0.001)], whereby a 10 kg/m 2 increase in baseline BMI corresponded to 0.10%-point (1.1 mmol/mol) greater HbA1c reduction. In summary, reductions in HbA1c obtained during clinical trials with liraglutide or placebo treatment were independent of baseline BMI. Keywords: body mass index, glycaemic control, liraglutide, meta-analysis, type 2 diabetes
Introduction
The human glucagon-like peptide-1 analogue liraglutide is approved for the treatment of type 2 diabetes (T2D) at doses up to 1.8 mg, and its efficacy and safety have been demonstrated in seven large phase III trials (the LEAD-1-6 and Lira-DPP-4 trials) [1] [2] [3] [4] [5] [6] [7] (Table S1 ). In these trials, liraglutide [as monotherapy or in combination with various oral antidiabetic drug (OAD) therapies] improved glycated haemoglobin (HbA1c) to a significantly greater extent (or similar, in the case of LEAD-2) than placebo or active comparator (by a margin of 0.8-1.5% [8.7-16 .4 mmol/mol] compared with placebo or active comparator).
Liraglutide also reduced body weight in most of these trials [1] [2] [3] [4] [5] [6] [7] , with a mean weight loss of up to 3.4 kg [7] after 26 weeks of treatment. In the LEAD-1 study, where liraglutide was used in combination with a sulphonylurea, weight loss was relatively limited (0.2 kg) for patients receiving liraglutide 1.8 mg, while those receiving 1.2 mg experienced a small weight gain; however, this gain was significantly less than that observed for the active comparator rosiglitazone [1] .
Body mass index (BMI) values in the overweight and obese ranges (25-29.9 kg/m 2 and ≥30 kg/m 2 , respectively) are common in patients with T2D. It is also known that obesity may affect the distribution and elimination of some drugs; for This is an open access article under the terms of the Creative Commons AttributionNonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
liraglutide specifically, a population pharmacokinetic assessment showed that plasma levels may be reduced in patients with higher rather than lower body weight, because of a larger distribution volume [8] . A previous analysis of the LEAD trials has shown that higher baseline BMI is associated with greater weight reductions with liraglutide (effective only when 1.2 and 1.8 mg groups were analysed together; p = 0.04) [9] .
Reduction in HbA1c is widely considered to be a benchmark of efficacy for the treatment of T2D, with improved glycaemic control translating into improved microvascular outcomes for the patient [10] . The ability to predict in advance who is likely to respond better on the basis of baseline characteristics would be of benefit to both clinicians and patients.
The aim of the present meta-analysis of patient-level data was to estimate the influence of baseline BMI on change in HbA1c during liraglutide and placebo treatment using pooled data from the liraglutide phase III clinical trials.
Methods
The primary outcome of this analysis was the association of HbA1c reduction with baseline BMI.
Study Design
We conducted a meta-analysis using pooled, patient-level data for liraglutide 1.2, 1.8 mg and placebo treatment (n = 3222) from the LEAD-1, -2, -3, -4, -5, -6 and Lira-DPP-4 trials (treatment periods: all 26 weeks, except for LEAD-3, which was 52 weeks, thus 28-week data from this trial were used; total n = 5100). All trials were randomized, parallel-group, multicentre, multinational phase III trials.
Participants
Inclusion criteria were baseline BMI ≤45 kg/m 2 , diagnosed T2D and inadequate glycaemic control [HbA1c between either 7.0 or 7.5% (53.0 or 58.5 mmol/mol) and either 10.0 or 11.0% (85.8 or 96.7 mmol/mol), depending on previous T2D treatment regimen]. All trials included in the analysis were conducted in accordance with the Declaration of Helsinki and approved by the appropriate institutional review boards. All participants provided informed consent.
Statistical Analysis
The intention to treat population from the LEAD-1-6 and Lira-DPP-4 trials was included. All HbA1c values were change from baseline to week 26 (or week 28 for LEAD-3) and missing post-baseline data were imputed using LOCF. Treatment arms with numbers of patients (n) included in the analysis are shown in Table S1 .
Data from treatment arms were modelled to generate estimates of the correlation, expressed as the slope of HbA1c change from baseline per unit increase of baseline BMI [with 95% confidence intervals (CIs)], for pooled liraglutide 1.2, 1.8 mg and placebo. The correlation between baseline BMI and HbA1c change was analysed using an analysis of covariance (ancova) model that accounted for age, baseline HbA1c, gender, country, trial and previous T2D treatment as covariates.
A plot of change in HbA1c according to baseline BMI category was determined by stratifying pooled data according to one of five BMI categories: <20 kg/m 2 ; ≥20 to <25 kg/m 2 ; ≥25 to <30 kg/m 2 ; ≥30 to <35 kg/m 2 and ≥35 to <45 kg/m 2 .
Results
At baseline, patient demographics were well-matched across treatment groups of liraglutide 1.2 mg (n = 1117), liraglutide 1.8 mg (n = 1581) and placebo (n = 524). The mean patient age was 55.7 years. The mean baseline HbA1c and BMI values were 8.4% (68.3 mmol/mol) and 31.9 kg/m 2 (31.8 kg/m 2 for the placebo group), respectively, for all three groups (Table  S1 ). Previous OAD monotherapy was used in 51.3, 41.5 and 22.0%, and previous OAD combination therapy was used in 40.6, 53.0 and 78.0% of patients treated with liraglutide 1.2 mg, liraglutide 1.8 mg and placebo, respectively. These differences in OAD usage reflect the fact that not all trials had both liraglutide 1.2 mg and placebo comparison arms (LEAD-3, LEAD-5, LEAD-6 and LIRA-DPP-4).
For the liraglutide 1.2 mg and placebo groups, no significant correlation between baseline BMI and HbA1c change was observed [−0.003 (95% CI −0.014, 0.008) and −0.011 (95% CI −0.030, 0.009), respectively; Figure 1 ].
For the liraglutide 1.8 mg group, a weak correlation was observed between baseline BMI and HbA1c change [−0.010 (95% CI −0.020, −0.001); Figure 1] ; however, the effect was small: a 10 kg/m 2 higher BMI at baseline corresponded to a greater HbA1c reduction of only 0.10%-point (1.1 mmol/mol), which was not considered clinically relevant. 
Discussion
This meta-analysis indicates that improvements in HbA1c observed during a clinical trial with liraglutide or placebo treatment are largely independent of baseline BMI up to 45 kg/m 2 . This is the first meta-analysis testing the association between HbA1c reduction and baseline BMI with liraglutide treatment in patients with T2D. The use of a very large patient cohort, from seven randomized phase III trials, provides reliable robust estimates. Our finding that baseline BMI did not predict the HbA1c reduction with liraglutide is also supported by a recent real-world data study conducted in the USA, in which liraglutide was reported to reduce HbA1c equally well across all categories of baseline BMI in clinical practice [11] .
The results also corroborate those of the HARMONY-7 trial, in which liraglutide was compared with albiglutide, where a subgroup analysis for BMI (<30 kg/m 2 and ≥30 kg/m 2 ) showed that differences in change from baseline in HbA1c for albiglutide versus liraglutide at week 32 were consistent with the change in HbA1c of the overall population, irrespective of BMI grouping [12] .
A similar lack of association was observed between baseline BMI and HbA1c reductions with exenatide twice-daily and sitagliptin in a 30-week trial in patients with T2D. In that trial, the improved glycaemic control observed with exenatide twice-daily (added to optimized basal insulin) was independent of BMI [13] . The absense of data relating to duration of diabetes as a covariate factor might be considered a limitation of the study; however, it is worth noting that previous reports have suggested that duration of diabetes has a clinically negligible effect on HbA1c in patients with T2D treated with liraglutide, with a non-relevant trend for greater HbA1c reductions with shorter diabetes duration with 1. An important limitation of the present study is that it was post hoc in nature and therefore the results should be interpreted with caution. A prospective study would be required to confirm the initial findings reported here. Additionally, in line with the exclusion criteria of the LEAD trials, only patients with a BMI of ≤45 kg/m 2 were included, therefore, the findings should not be extended to other patient cohorts.
In summary, our results suggest that baseline BMI up to 45 kg/m 2 did not influence the change in HbA1c during liraglutide and placebo treatment using pooled data from the liraglutide phase III clinical trials; this could be important to physicians in the management of patients with T2D with a wide range of BMI values.
